Summary eRA/Lac mice were immunosuppressed by thymectomy and whole body irradiation with 250 kVp X-rays following pretreatment with cytosine arabinoside.
The optimum radiation dose for immunosuppression with prolonged survival was 7·35 Gy. The animals were kept in a standard animal unit with an overall survival rate of 83%. They were found to be suitable for large scale, long-term, xenotransplantation experiments at 20% of the cost of nude mice.
In 1978 Steel, Courtenay & Rostrom reported an improved technique for immunosuppressing mice for the xenografting of human tumours. CBA mice were thymectomized and given whole body irradiation with 9 Gy of 60Co y-rays following pretreatment with cytosine arabinoside (Ara-C).
The Ara-C allowed the mice to survive otherwise lethal doses of irradiation without the need for bone marrow reconstitution (Millar, Blackett & Hudspith, 1978) . Steel and his colleagues reported that the 'take' rates of tumours implanted into these mice were the same as those found when nude mice were used, but that the Ara-C protected mice were much less susceptible to infection than nude mice and it was not necessary to keep them in specific pathogen-free conditions.
In addition they were substantially cheaper.
Since the original report, these mice have been used extensively at the Institute of Cancer Research, but there have been few reports of this technique being used in other centres and those that have appeared are conflicting. Kovnat However, Floersheim (1982) reported a 33% mortality rate from thymectomy and a further 39% mortality rate within 60 days of irradiation with 9 Gy of megavolt age X-rays. He found that the survivors had comparable tumour take rates to those found in nude mice. Since 1981 this system of immunosuppression has been used in Edinburgh and this communication reports experience in this centre.
Materials and methods

Thymectomy
Male and female CBAlLac mice from the same breeding colony were used for all experiments. They were weaned when 3 weeks old and underwent thymectomy within the next week, the technique which was used was similar to that described by Steel, Courtenay & Rostrom (1978) . The mortality rate from thymectomy performed by experienced operators was less than 5%.
Animal husbandry
After thymectomy the animals were put in a separate room in which were kept all the mice that were used in this work. Staff entering the room wore gowns and had to walk through a foot bath containing disinfectant, but did not wear gloves or a mask. The mice received standard laboratory diet, but their drinking water was acidified to reduce the risk of Pseudomonas infection. Standard animal boxes and bedding were used, both were autoclaved before use. The air was filtered when drawn into the building, but additional air filtration or laminar flow was not used in the room itself.
Irradiation 3-6 weeks after thymectomy the mice were given a single i.p. injection of 200 mg/kg Ara-C (Upjohn, Crawley, W. Sussex, UK) and irradiated 48-54 h later using 250 kVp X-rays with Thoraeus Ii filtration. During irradiation the mice were placed in a 15 em diameter, 2·5 cm high perspex jig. 10 mice The survival rate of mice prepared in this way is shown in Fig. 2 . In a series of tumorigenicity experiments, mice were immunosuppressed 'as des-were killed and any tumours which were present were dissected out and weighed. It can be seen that the mortality rate was highest in the 8 Gy group and that the tumour take rate was lowest in the 6·7 Gy group, but neither of these differences reached statistical significance. Once established, all tumours grew to a similar size in the 4-week observation period. It was concluded that a mean dose of 7·35 Gy gave a satisfactory balance between immunosuppression and animal mortality. It was later found that increasing the radiation dose to 7·75 Gy did not increase the take rates of a series of Burkitt Lymphoma cell lines (Morten et al., 1984) . could be accommodated at anyone time and they were free to move about the jig during the period of irradiation. The jig was positioned in the centre of a 20 x 20 irradiation field at a focus-jig distance of 60 em. The mean radiation dose rate was 0·37
Gy/min ± 2% and in order to eliminate variation in dose due to varying dose rate, synchronous dosimetry was performed during all animal irradiation. The ionization chamber was positioned as shown in Fig. 1 , the mean dose in the jig was 94·5% of that measured by the ionization chamber with 95% confidence limits ± 0·98%. 
Results
Radiation dose
Most authors who use either 6lICo or mCs sources for immunosuppression use doses in the range 8-5"to 10 Gy (Davies, Carter, Leuchars, Wallis & Koller, 1969; Steel, Courtenay & Rostrom, 1978; Kovnat, Armitage & Tannock, 1982) . The Relative Biological Effectiveness value of 60Co y-rays when compared to 250 kYp X-rays for the whole body irradiation of mice is 0·8 (Greene, Massey & Meredith, 1962) . It was therefore considered that a suitable dose of 250 kYp X-rays would lie in the range 6·75-8 Gy. The LD50/30 of unprimed mice from the colony was 7·3 Gy. Table 1 shows the combined results of 2 similar experiments in each of which 3 groups of 8 mice were irradiated with mean doses of 6·7, 7·35 and 8 Gy of 250 kYp X-rays respectively. 24 h later each mouse was injected s.c. with an inoculum of 10 6 cells from the human bladder cancer cell line El/18/8D (kindly provided by Dr Rosalind Hastings). 4 weeks later the mice Immunosuppressed mice cribed above with a radiation dose of 7·35 Gy. The survival rate of the first 517 mice used in these experiments has been calculated using the actuarial method to allow for mice which had to be killed when tumours grew successfully. The overall survival rate was 83% 12 weeks after irradiation. A total of 80 mice died and 48 of these deaths occurred in a group of 88 mice which was irradiated during a single 4-week period when there appeared to be a low-grade infection in the breeding colony. In subsequent work this pattern was maintained with an overall mortality rate of less than 10% for long periods interspersed with brief periods of higher mortality usually associated with episodes of low grade infection in the breeding colony. Despite expert veterinary examination, no causative organism was ever isolated.
The majority of deaths occurred within 2 weeks of irradiation, which is to be expected since it has been shown (Millar, Blackett & Hudspith, 1978 ) that the animals have profound neutropaenia and thrombocytopaenia from about the 4th -10th days after irradiation.
Discussion
More than 3500 of these mice have now been used successfully in 2 major studies, one of human bladder carcinoma xenografts and the other a study of the tumorigenicity of human B lymphoid cell lines. It has been our practice to avoid tumour transplantation during the period when the animals are neutropaenic and either to transplant within the first 36 h or to delay until 14 days after irradiation. Steel, Courtenay & Rostrom (1978) and Shorthouse (1981) have shown that tumour take rates remain relatively constant during the first 4 weeks after irradiation although thereafter they start to fall. Therefore delaying transplantation for 2 weeks after irradiation should not compromise tumour take rates, but it will minimize the risk that experiments may be invalidated by animal mortality. This is an important consideration when the amount of tumour tissue available for transplantation IS limited. Because the radiation field from a 250 kYp X-ray set is inhomogeneous (Fig. 1 ) and the dose rate can vary considerably it is felt that the animals should be free to move about during irradiation and that synchronous dosimetry is essential. We have been unable to show statistically significant increases in take rate in these or subsequent experiments when the radiation dose was increased from 7·35 Gy to 7·75 or 8 Gy. However the number of animals in these experiments was relatively small and it is possible that higher take rates could be achieved by using 7·75 or 8 Gy. In this case the higher mortality rate would have to be accepted and we would recommend delaying tumour transplantation until around day 14 after irradiation.
Mice that have received 7·35 Gy are reasonably robust and are suitable for chemotherapy experiments but we have found that the survivors of higher radiation doses do not tolerate additional chemotherapy so well. It has been confirmed that these mice are sufficiently robust to be kept in standard animal unit conditions and to be used in large scale, long-term experiments.
The cost of each mouse ready for tumour transplantation in our laboratory is less than 20% of that of a nude mouse.
